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’ HE AERODYNAMIC Paormm OF THE 105mm EE SHELL, ML, IN SUBSONIC
AL S am mmsomc FLIGHT :

'.l'he amzodynamic properbies of the lOSm HE shell, Ml, at subsonie
and transonic speed.s are presented and d.i@:usaed. These properties were
_ determined by full scale teste in the ﬂl‘rs.n.,on..c Spark Ra.nge. Particular
| ‘ N attention is given to non-lincarities }vith yaw of some of the aerodynamic
. coefficients of this shell and to the &ymmc gtability of the shell as a

function of Mach number and ysw. The results show that the effect of
: ‘ these non-linearities iz to compel tha\ ghell to tre.vel et c{)nst.nt yet-r
; of about three deyees for subsonic vélocities. COmpa.riaon &ith long

range, time-of-flig.nt firings neither verified nor refuted thip pre-

L atétion. _— , \) ‘
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TABLE OF SYMBOLS

axield moment»of‘inertia ‘

transverse mcmeht‘of 1ncftia

ceﬁtef of é:gvity mcaSuredkfrom the nose
ycentér‘of"precsﬁfcxof normal force

bourfe;et diameter

mean squared: yaw

absclute stendard error in a.coefficient

pery-rent standard error in a coefficient

k:msghitﬁdc of nutaticnal‘yaw vector

1*»59 of precessional ycw vector

.c_drag force coefficient

azero-yaw drag force coefficient
"yaw‘Qrangogce\coefficient

yawgaﬁﬁpiﬁg'mcment coefficient

11t rorce coefficient

‘"overtﬁrping moment coefficient -

nofmalvfofce coefficient

E&énué'mgmcnf;coefficient

-

‘ nutational yaw damping rate

precessional yaw damping rate

'Mach number

welght of shell

2

b - in
1b - in®

. calibers

calibers
in (cal)

(deg)®

vad’

rad

(raa)”2

in“(caij

‘(f’t)-l

(et)"t

1b

A



i
LA

S

PR e

TABLE OF SYMBOLS

nunber of yaw stations
number of timing stations
radius of svervei
gyroscopic stahility factor

dynamic stability factor
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”'HE, Hl, (which is somevhat similar to these developmental shell) was se-

I. INTRODUCTION

»Recently the Exterior Ballistics Laboratory wes éngaged in an investi- i
gation of the aerodynamic characteristics of ‘two developmental shell: the .
110um T19% and its modifications* end a 4.9 caliber long, square based .

ehe1t. (1) T4 was found thst these shell exhibited dynamic instebility in
& narrow band of Mach numbers nea:f the speed of sound. S:lng:e these shell,
except for being slightly longer than ordinary, ‘had conventional ‘conf...gu-
rations, the guestlon naturally. a.rose wﬁether some of the sfand.a.rd, well-
known shell exhibited this fea.ture also. Hence, the 105mm Howitzer shell,

lected for a rrogrem of firings at tra.nss‘mic and subsonic veloclties | \ v
through the Transonic }?es\.nge(3 ), Thie report contedns the results of those "\\; -
ﬁrings o . T D
The 105mm shell HE, Ml is a.pproximately L.T calibers in over’a.],r’l. oLt .
length; it bas & 0.5 calibver, 9° conical bosttail, (Appendix C). Prelim- =/
nary firings showed that “normal” yaws acquired in’ the le.anching of this
shell were unsatisfactorily sma.J. for study of its aerodynamic charscter-“ |
isties. To increase the yaw, ‘the shell's bourrelet . diameter\\wa.a undercut L
by .030 inches. Forty-two ‘undercut rounds ’ covering a Mach ‘number range ' ( ,
from 0.48 to 1.22, were fired for this program through the Transonic Range o
from &-105mm Howltzer tube (1/20 twist) mounted on an M7 motor ca.r’riage; -

“Investigation of the data from these h2 rounds shoved va.x. iauiona of
the yaw damping rates with yaw. I.n particular ; st subsoni¢ velocitles, the
shell appeared to be dynamically unsteble at sm&l;. yaws snd stable at yaws
larger tlan sbout three deg'ees. Hence, eleven adﬂ.:ltional round.s were ‘
fired subsonically without undercutfing to verify whether these observed . L
varistions for the undercut shell would hold true for the umoditied shell, SR
Neceasa:rily, the yaving mo'bions of theae eleven rounds were rela.t vely ' '
small. 0 : : . , ‘ - . S

The cbserved variations with yaw of the dynamfc cuefficlents for the
42 undercut shell did hold true for the unmodified shell. However, com-
parison of the KM values between the undercut and unmodified sheli revealed

* Unpublished data




sizable differences Further investigation showed that these differences
were not due to unaercutting per se. Unfortunately two different fuzes
(M73 and M51A5) were used for this nrogram, and it is not known vhich

round had which fuze. However the 42 undercut rounds appear to have hed

the M51A5 i‘uz\: vhereas most of the e\ even u‘ﬁ‘nk“ﬁi.l.ied rounds uIJPeai‘ %o have

 had the MT3 fuze.

Table I has the physical mea.surements of sample shell. - Pa.rt A hes
the data used in ha.ndl:l.ng the 1+2 undercut rounds; pa.\;t B the eleven unmodi-
fied rounds Parts C and D, respectively, are recent measuremeuns of shell
vith M73 and u‘le5 fuzes. In particular, the variation of the tra.nsw)e rse
momeht of inertis 'beuween both types and the shift in center of mass posi-
tion accounts for the observed scatter in the KM data.

Moreov__er, the aerodynamic ‘coefficients for the undercut rouhds were
computed using the undercut diameter (4.095 inches) instead of the unmodi- -

£ied dlameter (4,126 J.nches) Consequently, the coefficients for the

undercut shell are: slightly lérger than the coefficients for the unmodified

shell.

'
. II. DATA

The reduction of firing data to extract aerodynamic information is des-

eribed fully in Reference 4. The final output of this process :I.s the sero- -

d.yma.nic coefﬁcients of forces and moments as functions of Lhch number and

- yaw. The yaw level of each round 1is conveniently expreased as mean squa.red
- yaw over the o'bserved tra;)ectory '

In th:l.s progra.n the precessional a.nd nuta.tiona.l arms were a‘boxtt the
sane size at m:!.d.-range. Since the que.lity of the data depend.s on "the number

of stations of observation and the level of yaw (rela.tive to the error in

yaw meas{ii'ement), the following ci'iteria“have been used in retaining the
data: ' ’ “ Coe h “




b1t Criteria ‘ No. of Rds. Whiq:h‘Sétiafy Criteria
| . Undercut  Unmodified

A K= Y
Kp 8 | Ky |7-008 | 36 .6
e L%
K (32)L7.oh £t o 20 | 5
CPy f B satisfactory K end Ky, 20 C 5
o .
My hor Ky, Ky |K “7 .013° 2 . 5
) // “3 ) satisfactory’ KL’ KH and K, 20 5

N ,2,1.3 for all rounds except M\ ¥o. 1960 for which on.ly KD is tabulated. -
R V

‘ ,“::;A, , Dre; Coefficient ~ | _ 7, .
o ‘ h‘

AN Graph 1 plots KD ve M. S:I.nce there apnearea, to be 1ittle o:;» no
o u o

variation of K.D with Mach number ‘between M= .48 a.nd M= .85 ) 8 least

squares fit of the equation:

-a
c

KD K.D KD? s where 52 ié“ in sqﬁéré radians, for the

rounds fired in this su'beonic interval, resulted in: P

; , N
KD = .O4T7 + .0005 . N G
o o i

KD—é = 2:1‘: 02
4] ; '

‘Above M = 1.1, appeared 10 be' about L4.3. ))
'2

:/
"

vy,

- It can be seen in Gra.ph 1 that the unmr‘bd__f’ie-i rounds apparently

h&Ve lower :(.D values subsonieally Howeve1 , 88 explained in the
°

Introduction, this 1s due to uslng iifferént dlameters in cdmputa.tion.
The diumeter i’or the undercut shell was L4.095 inches, for the uwmodi-
fied shell, 4.126 inches.
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L. LiET g_ Werturning Monment Coefficients

f

Ky ve M is given in Graph 2 and K, vs M ia Graph 3. The K; va M’
curve pesks sharply at around M = 1. To facilitate the congtruct 'inm of
this curve in the transonic region, a specia.l swerve reduct:l.on, which
allows KL to vary with M, producing a dKL/uhi value, . was used for rounds
fired at trensonic velocities. The I‘L values obta.med for these rounds
by this special swerve reduction did not change significautly from those
values prefviously obtained by the usual constant. coefficient swerve ‘re-
ductions. However, the slope parameters were an aid in constructing
the variation of K; with M in the trausonic region.

Table I shows that the shell .with the M{3 fuze has a 4% larger trans-
_verse moment of inertia than has the shell with the M51A5 fuze. Conse-
.quently, if a shell with an MSJAS fuze were fired ‘and had its KN velue
, computed by using measuremente teken of o shell with a M75 fuze, the

d.:!.fference between the transverse momepnts of inertia of the 1mc types y
would resu.l.t in an observed KM value 11-% grea.ter than its- actty.a.l KM< va.lue

. In addition, the c.m. position of the shell with 'che M73 fuze 1is about

.02 caliber forwa.ra of the c.m. positicn of the shell with the M51A5 fuze.
Since the distance between the center of pressure of the normel force and
the center of mass is on the order of 2 calibers, the farther rearwerd
c.m. position of the shell with the M51A5 fuze resu.'l,ts in a 1% larger Ky

va.lue' for that shell. Therefore, it would seem tha.1l, the h:l.gher KM values
of the unmodified shell can be primerily attributedito the above differ-

ences,
‘ I

CPﬁ vs M 1s plotted in Graph 4, The most forward position of CPN

oceurs at M = .94, 'This position is approximately at the nose of the
shell. o

i

. \
of yawing motiun wag used in the reauc'i':!.on

R Yaw 1‘%&6 Ra.tes : T s \‘ o R

' The 1inearized 'l:h\eozc'yU 5)

A of the firings in this program. This theory postulsates tha'b for small

yuws the aerodynamic coefficients KM’ KL KH and K'.l‘ are constan’fa with
yaw and with Mach number over the lengtn of trajecteries iavolved in

10




measurement In *he zma.lysis of the data :Ln this program it became evi-
dent that the dymamic coefficients KH and KT and, congsequently, the d.a.mping
rates k’l. and 7\,2 had & marked dependence on yaw even though the yaws ob- “}’
, tained were small. Hence, the velues obtained for these coefficiemts by
e rednction based on a linearized theory of yawing motlon camnot strictly
be considered ss the actual véiués‘ of the serodynamic coefficlents. Bu'l:;-r |
the variations with yaw of these dynamic coefficien+s can be observed |
uetween rounds of ‘@ifferent ye.w levelso Graphs 5 through 11l are so drawn
as to ensble the reader to observe these variations. ' ‘

'Foxf subsoﬁic velocities, Graph 5 plots xl sad 7\,2 vs mean squered ysw,

6, since no variation of A, and A, with Mach mmber was spparenmt in the \
region 484 M «.81. Graph. 5 offers evidence that for small mean yavs the -
precessional yaw vector will grow. ' , : : Co Ly

s ‘ With the aid of Graph 5, Graphs 6 a.nd T plot X and A.z, respectivelyg

vs Mach number for different mean squa.rec’t yaw lewels In the transon:!.c i . o
region the damping rates vary ma.rkedly with Mach number as well us w:l.‘bh\ ‘ “
yaw. Since it was impossible to sepa:rate the dependence of the damping ‘ R
rates on yaw in the transonic region ‘from their dependence on Mach -
i number, the extensions of the subsonic yaw levels into the trensonic -
i ' region can be” offered only as mere indications of possible trends.
I

3 D. _Qa_.:_:t_lpi_ng Moment Coefficlent

“From Graph 5 it ca.n"t:>e geen that , when 82 73 square degrees, the sum

i ; of the ‘two‘ curves, i.e., (A + ) ve & » 1s & horizontal line with q

()\. + )«.2) 45 x 107 -3 (ft)'l. Now, K, 1s conrputed as & runction of .y
(x + N\ ) and 1& But, KL did not appear to vary with yaw subsonically.

i 7 -3 TSN
Hence R KE does not vary with yaw su’bsonica..l.ly when 6 ?3 square deg;rees
a8 can be seen 1a the K Kg vs M curve plott°d in Graph 8, u ﬁ‘-?* sﬁ'/ 3 squar
degrees, the shs»ll has a relatively larger KH subsonical.‘l.;%'

In the transoni: region, KH varies both with Machy,r number and with
vaw, cmaller yaw producing o relatively larger KH

[

11




‘ v ‘ : ) ,‘
E. Magnus Moment GCoefficient o R I

Greph 9 plots Ky ve 7 for the Vregion A4B8aM<.81. V‘Lt}} the a.id of
Graph 9, Kl‘ vs M 1s plotted in CGreph, 10 for d:l.ff’erent mean sque:red yaw

levels. Subsonically, KT is pos:!.tive with smaller yaw producing a rela.—
tively larger KT For M »C. 9’KT is negative a.nd appee.rs to depend prima-
rily on Mach number ra.ther then yaw.

F. Dynamic Stability

From Teble 3 it can be seen that the gyroscopic stability factor, s,
of the shell ranges from 2 to 3 The shell is emply (sta.ble gyroscoPica.]J.y

‘ The dynamlc sta’bility factor, s 8,% of the shell is plot'ued vs Mach nmnber
~ . for different mean squared yaw levels in Graph 11. For transonic and ! ,
~ supersonic velocities the shell iz dynamically stsble for all levels of c ‘ A
yaw meagsured. In subsonic flight, however, it was seen that the shell is ’ s
d.y—namically unstable (mcrea.sing pred;essiona.l ‘yaw) for very small yava. o
From Graph 11 it can be seen that § is negative for subsonic Mach mumbers B AR
a.nd for an angle of yaw less than some critical angle of about three de- ‘ : -

grees. Hence, not only is the shell dynamlcally unstsable subsonically for '

yew_ less three degrees, but imparting greater spln w"_ll not remedy this

situstion. - . ;;; ‘ i

III. CONCLUSIONS = ';; ' l

W
Investigation :Lnto the aerodynamic characteristics of certain shell | - o ‘
 (mentioned in the Introduction) led to the firing of the program in this '
'report in order to discover whether the ML shell, in spite of its overall
satisfactory behavior, might exhibit dynamlc instabllity at certain speﬁd_s i
The results show that the shell is dynamically unstsable subsonically a.t
i ‘gmall yaws. This instability arises from fair 1y large positive values of
-the Magnus moment coefficient. However, the shell recovers its d;rnamic
- stability at yaws greater than three degrees; hence, the ove:;e.ll bshavrior
of the shell is satisfac tory.

*
5¢0or B 72 implies that the shell is dynamlcally unstable and cannot i

~be stabilized by resorting to higher spins {Reference 2).

12
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N

The findings seem to indicate that after a sufficient amount of
travel in subsonic flight, the magnitude of the yaw of the 10Smm ML
ghell should be virtua.'llv non-osc¢illatory at 3‘bew|: threa deg'neﬂ In
such a case, the ezg}}‘,cteﬂ KD would not squal KD but would also :I.nelude

the necessary increment due to yaw, i ‘e., about lO% incvease in drag.
A search for such evidence in the present firing tables of the shell ‘
revealed nothing conclusive. ” '

N

It wes 'Peund from the Fixring Reccrds that the mean of the times of
£light for 22 rounds fired at an average mizzle velocity of 884.6 £t/sec

‘at an elevation angle of 1&501' was 36.8 sedon@s with a standard deviation .

of 0.2 Second for & renge of 6539 yards. Using the same initial con-
ditions and the seme range, the time of flight for a uero-yav trajectory
(KD = .04TT) should be 36.5 seconds: The unmodified rounds in this

report shovw an average first yaw meximum of 1.9 degrees or a mean squared
yaw of two squared degrees at the muzzle. Using this yaw level as an
initial condition and applying the dynamic proﬁérties as determined in- .
this report ,'\1,‘e.‘-, the shell will reach an équilibrium yaw of 3 square
degrees, the-f;'time of flight to 6539 yards is 37.3 seconds.* The differ-

%

ence between these predicted times of flight 1s not large enough, rela-

‘tive to the sté.ndaid deviation of 0.2 second obtained for the measﬁred

times of flight to ‘elther verify or refute the dynamic predictions of
this report. _ '1

.- EUGENE T. ROECKER |

In .:i‘fings where large angles of elevation are used, yaws (or ad-
ditional yaw") occur near the summit. The dynsmic properties of this
report predict that the shell will reach three degrees circular yaw
long before the sumait. Consequently, near the summit the yaw may j
increase to about six degrees. According to the dynamie properties,
this six degrees of yaw should decresse to three degrees in about ‘
1000 yards. The resulting increase in time of f£light, due }o the ad-
ditional three degrees of yaw at the summit, would be about 0.1 second.

15
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APPENDIX A: TABLES OF DATA

7

Average Physicé.l Mea.surgmenté~,

1o05MmM ML

Shell (1%.,;) (lbf 15%) (1b 2 1n?) (iﬁ.) (12)

Cupdercut . 32.92  79.1%

unmod1fied 33.06  79.5

with M3 fuze 33.0 79.39

with M51A5 fuze 33.0 79.70

16

- Th1.8
T
781.4

752.0

k.095
4.126
427

| 4129

19.365
19.412

: k19.h19 )

19.394

C.M. (in.

from base) -

'7.11'
7.22
7.193
Tk

i

———— LT LT




TABLE 2
3 :
Aerodynamic Coefficients

105MM M1 o , ‘
Rd. No. . M 57{deg)® K, K, & OB K, K
o ‘ ’ (calibers o
, fron nose)
1964 L79 .7 . .ok9o - e -— - -
1963 480 L.8 L0516  1.h43 57 .70 - b .29
432 - k96 23.4 .0638 - 1.h4k . .63 91 1.7 -.02
L1431 .505  21.9 L0630 1.44 .62 .90 1.1 .03
1962 .530 2.6 .0525 -- -- -- -- --
11450 051"6 3.0 ) 00501“ l»h‘a : -t badad 5.8*\‘ olo*
1961 .550 6.2 0533 1.43 .60 .82 3.8 .01
1959 584 k.0 096 1.h7 .67 97 1.3 .20
1960 591 7.7  .0534 1.k7 - .68  1.00 N L
1359 607  13.8 ..0588 1.h2 T2 1.17 .4 ! .02
1958 .623 2.1 Ok 1,52 | -- -- S T
1957 - .623 . 2/l .0k83 1.51 " -- .- bt 17
1358 -« .63k 7.9 »0565 1,49 .65 «90- " 1.7 . .08
1955 - 672 k.9 0562 1.9 .61: .78 . 2.1 .08
1956 .680 2.3 Moty (R— e - RN IS
1357 . 684 kg  .0542 1.51 .53 42 2.1 .10
1356 JTL6 1.3 099 - - - - -
1321 JT45 20.3  .0610 1.54 . .61 .70 1.8 -.03-
131k .808  13.1 0576 1.54 60 .64 1.1 .07
1485 .862 .8 0512 - - - - -
b7k .864 3.5 .0hg6  1.58 - - L. h* . ob5*|
1476 .865 1.0 0487 1.63 - e - -
s .867 2.4 .0501 1.60 - - b.60  21*
77 ¢ .869 4.6 .0516 1.59 - - L5 .. 11%
1478 .870 2.8 .0522 1.59 - - 5.2% ., Q5%
81 .879 2.7 L0475 1.58 , -- .- L5 o
1482 - ,886 2.0 L0509  1.52 - - L.  0B8%
S 1319 .901  11.7 L0646 1.72 56 22 3.0 -.10
1309 :.928° 3.8 L0666  1.77 - -— . 6.3 .ATH
1313 L9h1 9.9  .0743 1.8 -- o= 3,2% ., 25%
1300 - ohl 2.0 . .0696 1.87 - - - em
1320 9Lk .8 0784 1,97 A= —— - -
3.5 .0880 1.7k - - 6.3% .,19%

1308  .963

* . -
KL estimated from Graph 3.
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A

1209

Ya)

58
1307

1306

1315
1316
1317 -
1318

3191 *
3192
3193
3194
3196
3197
3199
3202
3203
3204

3206

Erp

VON AF &= O el ’ FOlg 33O 7

]
P Uwoex

pPEOWEED,

D

.oooh

- 5 .
Avel*lrage Standard Error

1.56

1.55

1.k9

1.61

1.65

T
+T1
.62

.5k

CPy Ky
(calibers .
from nose)

o n %

.01

.03

18
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Rounds 3191 - 3206 have not been undercut.
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AL

)

" 1961

/

Rd. No.

196k
1963
1432
1431
1962
1430

1959
1960
1359

- 1958

1957
1358
1955

~ 1956

1357
1356
1321 .
1314 -
1485
1474
1476
1475
177
1478
1481
1482
1319 -
1310 .

1309

1313

- . 1300

1320

1308

1299

1298
1307
1306

K, (Ra)L
(rad) (red) (£t)
007 .012 .01
.021. ~.031L .05
060 .059 .11
.06k  .051 .10
012 .020 .
.021 ¢ ,021 .03
028 .032 .06
.0%20 .05
.C27 .00 .07
.052 .ok1. .08
.010 .022 .03
013 .021 .03
031 .038 .07
022  .031 .05
024  .019 .03
021 .032 .05
011 .016 .02
057  .054 .09
043 047 .07
008 .013 .01
024,023 .03
011 .013 .02
.018 - .020 .03
.029 - ,026. ..03
018 .023% .03
017  .023 .02
.016 . .018 .02 -
043 .okl .0k
.063  .0u8 .05
.025 .023 .01
Oy ,033 .05
.012  .019 .02
.gﬁ% .01l .01l
022,023 .03
.007 ,015. .01
.00 .016 .02
043 040  .OT
.032 .05

X

-.0L7

' TABLE 3

Yaw and Sverve Data

105MM M1 N
- - 3
s 8 ).,lleo3 kgxlo K N
(et)r  (ee)t r- ”
N
- - - . ,nﬂ 19
2,59 -12. .59 -.52 19
'2.96 .83 32 .18 \ 19
2.98 .59 .29 .08 \ 19
--— - - -- 419
2,75 - 87 -.17 26
- 2,58 .E 91 .07 19
2.50 | -.01 .79 -.33 3
2.55 "058 oh‘j ‘oll" - 21‘
- 2.Th o7 .34 A4 25
2.4 - - D 22
2.4 . aa 1.55 =31 23
2.77 .10 .5k -.04 25
2.48 .05 .68 -.0T 23
2.2 - 1.53 -39 21
2.74 -.16 .67 -.12 22
T me - — - 10
2.7h .&g .30 .22 18
2.62 I 38 =01 9o
- oL -, T Tad T P2
2.69 - .81 18" 20.
2,56 - e Cem 20
2069 - ; 1:01"7 ‘ -oh'_s 19
© 2,68 i aa CLT2 32 19
2.70 - 1.01 .15
2.54 — 1.19 = -.11
2.57 - 1.18  ~.13 24 .
2.25 91 W43 .32
2.34 1.28 .24 L6
2.18 - .99 .38 22
2.19 e .09 .69 21
2,04 - - - 24
2.05 -- -— - 18
2.%0 e .96 Ak 22
_—— ) - - -— . .24
2.19 - - - 21
2.57 1.02 53 5T 2k
| }
|
i }!
19

e
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" TABLE 3 (CONT'D)-
. SV
. R&.Fo. K- Ky (R s F A x10° ax1® & Ny
; : - L . ‘ ‘
(raa) (vsa) (26} . (#)h o (@)t
1315  .035 .037 .05° 2,62 .83 .55 . 36 22 10
1316 % + .035 .037 .06 2.7 .76 Sk .28 21 10
1317 .025  .031 .05 2.68.....T1 ‘.64 ~29, 15, 7
1318 .0k6 049 .09 2.69 .63 .58 31 15 8
3191%* °,015 .0L6 05 2.58 -.19 .9k -9 16 9
3192 .005 .010 01 -- - - ., == 22 1
3193 .009- .005 . .03 - == - pE— -- 19 9
3194 .007 .01 .02 - - -~ Se- 15 8
3196° 012,013 02 2,46 - e T an 20 1
3197 .000 .021 = .01 R -- 21 . 10
3199 .029  .020 06 2,73 .19 .94 .. -0l 20 10
3202 .018  .027 .08 2.71 -.22 .83 -.18 3 - .9
3203 015 .020. .05 2.65 -.86 - 1.28 -51 20 12
3204 .005 .0L7 . .03 I == 20 10
3206 . .0L4  .023 O 2.52 .39 .92 .09 19 12
Avefége Yawing Rateé; ' © Aversge §tandérd Error
o e, x10° e, "x 10°
. o o b, M 4 9N N
4.95 deg/ft .62 deg/ft .09 (£t)™ .08 (£t)”
%» i €Yaw § “Swerve
N i oo rea .009 £t .
i . '

.

R O
.
i :
“ -
Rounds 3191 - 3206 have not been undercut. : &
5] oo N o ' ‘1
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